Maximizing available equivalent imaging area was accomplished by creating multiple freestanding membranes per device. The limitation of the KOH etch profile described above was overcome via microfabrication mask redesign and process optimization to reduce the effective etching region area on the backside of the device. This was accomplished by performing the majority of the through wafer etching with a Bosch etch, which results in a high aspect ratio etch profile with nearly vertical sidewalls as opposed to the sloped etch profile of KOH. After etching ~90-95% of the wafer thickness with this process, the final ~5-10% was etched using the conventional KOH wet etch for membrane formation to compensate for the non-selectivity of the Bosch process etch with silicon nitride. While this resulted in tapering of the sidewalls over the final distance of etching, the decreased wet etch duration allowed for significantly smaller starting etch profiles and allowed for five rectangular windows to be fit on a single device without compromising the required sealing area of the o-ring for commercial holders. When assembled and loaded with one device rotated 90-degrees with respect to the other, a 5x5 array of available imaging windows is created. The detailed fabrication process to achieve this geometry is as follows:
Wafers were first patterned with gold spacer and grid bars.
1. Wafers spin coated with AZ 5214E (MicroChemicals) at 3000rpm for 60s, followed by a soft bake at 90C for 2 min.
2. Resist exposed for 1.9s in an NXQ Q4000-6 mask aligner (Neutronix Quintel) with mask for grid bars.
3. Reverse baked for 2 min at 120C to create negative profile.
4. Flood exposure of entire wafer for 30s in mask aligner.
5. Developed in 100mL fresh AZ350 (MicroChemicals) at a ratio of AZ350:Water (1:5).
6. Loaded into a Discovery Sputter System 785 (Denton Vacuum) with Cr and Au targets purchased from Kurt Lesker.
a. Chromium deposited at 50W for 50s and 10mtorr argon(~10nm thickness)
b. Au deposited at 50W for 200s and 10mtorr argon (~100nm thickness)
7. Wafers transferred to acetone bath with sonication for lift off, leaving behind grid bars.
Steps 1-7 were then repeated for spacer post patterning, with front side alignment of spacer posts to the grid bar features and an Au deposition time of 600s resulting in spacer posts 300nm in height. Wafers were then prepared for membrane etching.
8. On backside of wafer (opposite side from grid bars and spacer posts) hexamethyldisilazane (HDMS) (Sigma Aldrich) spin coated at 3000rpm for 30s and allowed to dry.
9. AZP4620 (MicroChemicals) spin coated on same side at 1500rpm.
10. Resist soft baked for 3 min at 70C and 4 min at 110C followed by rehydration at room temperature for 30 min.
11. Backside alignment was used to align window mask with grid bars and spacer posts and resist was exposed for 20s.
12. Resist developed in ~100mL fresh AZ400K (MicroChemicals) at a ratio of AZ400K:Water (1:3) and hard baked at 180C for 30 min.
After hard bake, wafers were etched using a Plasmalab System 100 (Oxford Instruments) with a DRIE Bosch etch recipe. Because DRIE can be slightly variable wafer to wafer, the etching was performed gradually while measuring the depth of etching with an Zygo Optical Profilometer
NewView 200 (Zygo) between each DRIE run in order to avoid over etching through the wafer.
Typically for the instrument used, etching was performed as follows: Generally, the number of cycles run was adjusted as needed based on the measured depth of the etching in order to reach a final depth of ~190µm. The remaining resist was stripped with Nanostrip 2x (KMG Electronic Chemicals) at 110C, and the remaining 10µm of silicon was etched with 40% (w/v) KOH (Sigma Aldrich) at 80C for approximately 30 minutes. Etching is noted by the evolution of hydrogen gas, a result of the reaction between KOH and silicon. The wafer was monitored closely, as the etch completion becomes apparent when free standing windows are clearly seen when shining a light through the backside of the wafer. Over etching is a possible risk here, as the (111) planes of silicon continue to etch, although slowly, and wafers
should not be left to etch longer than necessary. Upon completion, the wafer is removed from the KOH bath and rinsed 5x times with DI H2O in order to remove excess KOH. Care should be used at this time as wafers are very fragile due to the patterned edge sectioning of the devices.
Individual devices are broken free from the wafer easily with a pair of carbon tipped tweezers.
movie S1. Demonstration of in situ liquid cell "low-dose" imaging. Patterned Au grid bars provide high-contrast features within the viewing area for liquid cell experiments to permit a "low-dose" imaging scheme and control irradiance history. Using this approach, a pristine liquid cell image of 10nm diameter gold nanoparticles in solution is captured already at proper focus and with minimal prior electron flux.
